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Why MiniBooNE?
Sl W
=P LSND
g - _ _

1 » Results from the LSND experiment and
1 solar and atmospheric neutrino
experiments can be explained by
neutrino oscillations with distinct values
of _m?2.

o |+ The Standard Model, with only 3 neutrino

g Atmff‘iimi flavors, cannot accommodate all the _m?
= %1 values.
: 1+ Either one or more of the results is not
o ﬁ“ﬁMSWg due to oscillations, or there is physics
: =X beyond the Standard Model.
10 e 1
sin"20
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Can we fix the Theory?

1. Add Sterileneutrinos (there are three

avallable) giving you more mdependent
Am? scales?

2. Violate C/PT (sacred theoretical tenant),
giving you different mass scales for v and
anti-v ?

3. Both??

APS, Tampa, Fl.
Apri 16-19, 2005 6. vande Water + Los Alamos ©z-re@
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Introducing MiniBooNE:

The Booster Neutrino Experiment
LMC

magnetic horn  decay pipe &4 450 m dirt detect
andtarget ~ 250r50 m &%@, o

*Different systematics: beam energy _10 LSND (same L/E), event
signatures and backgrounds different.

*Anticipate >4 _ significance over entire LSND 90% CL region.
*The goal: to check the LSND result.
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Neutrino Events |
- the world’s best short baseline  beam
No high level analysis needed to see -
neutrino events.
>479k neutrino candidates in 4.6_10% -
protons on target Cindf 8194769 | . %y
ean . + 0. i | e,
E o — M 1.118 _n ooteta | B —
"E - ] 19000 ‘ Tank its > 200
— 14— — 5 - Veto hits < 6
é [ ] ot .
% 12:: z: 12000
E : -T. : 10000 — ,
g 1 N g
o : -
06 | | - g
20/10/02 12/06/03 02/02/04 24/08/04 00000 6000 ag".iu‘e n:uTul.::e,[Z::]u o500 3000 Zg000
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Event Reconstruction:

Pattern of hit tubes (with charge and time information) allows reconstruction
of track location and direction and separation of different event types.

e.g. candidate events: size = charge; red = early, blue = late

.
X KD R
ePeopd
>

muon Michel electron n? — two photons
from v interaction  from stopped udecay from v, interaction
after v, Interaction

APS, Tampa, FI. ”-7 |
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The road to v, — v, appearance analysis

>Blind v, appearance analysis:

you can see all of the info on some events,
or
some of the info on all events,
but
you cannot see all of the info on all of the events.

>Early physics:
Other analyses necessary for v, —v, search:
Checks data-MC agreement (energy scale, optical, etc.),

and reliability of reconstruction algorithms.
Allows progress in understanding backgrounds.

Interesting physics results on their own.
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The Data

CC Quasi-elastic_

“\_/‘
W

] /\p+

Simple topology.
*Kinematics give E

and Q2fromE and .

-_ disappearance
analysis.

APS, Tampa, Fl.
April 16-19, 2005

NC 1 Production

resonant:
v+ (p/n) —v+A
A—(p/n)+m

coherent;
PRI Gl el

™ .
*Reconstruct invariant

mass of the two photons.

‘Background to the _
appearance analysis.

e

CC Resonant

__\/ _

W

/:\v &

N N
*Fledgling analysis.
Should help disentangle

nuclear interaction model.
*CCPIiP oscillation search?

R.G. Van de Water_» Los Alamos

Los Alamos @) zoove @
TR IV ISR L L 0 A TTI B
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Selection based on PMT hit
topology and timing. ~80% purity in
remaining dataset.

Data and MC relatively normalized.

Red band: Monte Carlo with current
uncertainties from « flux prediction.

Yellow band adds optical model

variations.

APS, Tampa, FI.
April 16-19, 2005
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C _ Quasi-elastic

_energy resolution.
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*N:an>200, Nyer<6, no decay electron.
*Perform two ring fit on all events.
*Require ring energies E,, E, > 40 MeV.
*Fit mass peak to extract signal yield and
background (shape from Monte Carlo).

2

(3] B _
S700 l i
900 - MC signal + background -
8_ - 1L MC background ]
o L ) . . o < a
:ESOO :_ Data (statistical errors only) _:
T PRELIMINARY ]
w00} ’
:_ No. nt%’s = 7208+ 144 _:
B X ?/NDF = 150.06/98 g
3001 Mass = 0.1391 + 0.0005 GeViczi
2001 =
100; # .
D :I |11 | L 111 | || | [ | | || | 1| .I 1 ‘ | | | 1 | |1 Iﬂ | *F "o :
0.05 0.1 015 0.2 025 03 035 04 045 05 DSS
n? mass (GeV/c
A (GeV/e?)
R.G. Van de Water” o LO Alamos @ Beo Ve
1R T TV IS L L I3 9 8 TN 9



Errors are shape errors
Dark grey : flux errors
Light grey : optical model

14
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C m? Production
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oY
" CPiP Event Selection

* Neutrino events with 2 Michels: o

* First (Neutrino) subevent ——\/

* Must be in beam spill P
+ Tank Hits>175, Veto Hits<6 W
Need at least 2 Michels: P it
N N

« 20<Tank Hits<200, Veto hits<6

Monte Carlo event breakdown:
» 78% resonant single pion — all resonant channels

* 9% coherent pion production
* 13% background (multi pion 7%, QE 4%, DIS 2%)

This data set is 2.62_102° protons on target.

36028 events : 4-5 times more than all bubble chamber data
combined.
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oY
—"' CPiP Michels

Energy distribution fits Michel spectrum.

Separate into close and far samples -
with respect to the muon track.

APS, Tampa, FI.
April 16-19, 2005

Close (_) capture on C (8%):
e =2026+1.5 ns
F]%Iose Michels =2057+14

Far (_*) do not capture:
e =2197.03+0.04 ns
*Far Michels  =2215+15 ns

R.G. Van de Water s Los Alat mos @ Beo V@
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stimates of _ — __ Appearance
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ViniBooNE Oscillation Sensitivity

- systematic errors on backgrounds average ~5%

Am? (eV ?)

MiniBooNE 1.0E21 pot |

(90 % CL, 30 and 5 ) |

0.2

APS, Tampa, FI.
April 16-19, 2005

10 10
sin?24¥

Am? (eV?)
S~ O O Nwo

MiniBooNE 1.0E21

(10 and 20 Contours) |

(o

sin’24%

R.G. Van de Waterf: Los Alamos 03“‘”80

AT NAL LEBRDRSTORY

19



20

Looking ahead: FY 2006 and beyond

» MiniBooNE approved for FY06 running.

« Some or all of FY06 running may be in antineutrino mode:
studies of O(1 GeV) _ interactions.

* |[f MiniBooNE sees a signal, there is potential for a direct
search for sterile oscillations at SNS or FNAL using a
stopped pion source: hep-ph/0501013.

APS, Tampa, FI.
April 16-19,2006 T TR T CATIONAL LABDAATORY



2= Conclusions

* MiniBooNE is running well.
* Currently past 5_10% protons on target!

« — _appearance results by hopefully late 2005.
weekly E20 Integrated E20
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ge of the structure of matter has always had an impact.
Questions in Neutrino Physics Still Remain!

Did LSND

‘What is the
‘What are t
_Are the ste
Are CP an
_Are neultri

"How is ma

APS, Tampa, FI.
April 16-19, 2005
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'symme'try in the-garly UniverSe (hep-ph/01 081 9_'9),

_eavy stenle neutrrnos are a candrdate for dark matter apd evade E
. R 3 - i . 7 . y
arrable mass sterrle neutrlnos are a mechamsrﬁ fo mplarn dark e

h/0309800) : gt

ork wrth a heavy sterrle neutrrno (hep ph/0205029)

-

%

'errle neutrmos can generate Pulsar krcks

.

terrle neutrnos can explarn curren't Solar neutrmo anomoly
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